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Abstract of JP2000022212 

PROBLEM TO BE SOLVED: To provide a GaN single crystal 
substrate which is wide in area and is little in warp and can 
be independent. 

SOLUTION: A mask which has a zigzag window and a stripe 
window is made on a GaAs (111) substrate, and a GaN 
buffer layer is made at low temperature by HVPE(hydride 
vapor phase growth) method or MOC(organic metallic 
chloride vapor phase growth) method, and a GaN epitaxial 
layer is made at high temperature by HVPE method, and the 
GaAs substrate is removed. With the independent film of 
GaN as a sheet crystal, GaN is stuck thicker by HVPE 
method to make a GaN ingot. This is cut and polished by a 
slicer to make a transparent colorless GaN wafer with little 
warp. 
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(54) VSmto&m GaN»^aS«&rX^ODlBg*te 



(57) [KM] 

Mft*] GaAs (111) S«0±te^ASM«»;* 

h9>f^«S:*i-6^^Sr»j«U HVPEftifeli 
MOCfeKJ: Dffiift^G a N^y77i5r«U HV 

£: UHVP Ejfe-CG a NSrJW+tf LG a N-Y >dL v y 
<7)'>ftl^G a N9J^8rfE5 0 




(2) 



4 >• \ 



IW#«1] 2 0ram«lWlgtO. 0 7 mmW ± 
[fi*if 2] S«3E®<7)ife§l<h, 

[ m&m 3 j mmmm t ffig^t t k v ^sjg»co 

[»**4] ffift^SS^R 9 * 2 y f ftl:** 
bT 20 0/i rn^TT^^ £ <b i"5HI i |- 

lEgcGOG a N*|£ H %S« 0 

[If*rl5j S««B5H:, G a N (0 0 0 1) ffiffc 
5»S:#»i:-rS8f 1 KEttcoG a N 

[ W**S 6 1 ( 1 1 1 ) G a A s &KC0_htC [11- 
2]*iRifc— jfeBWSrSst^Tafet/t- 1 1 0]*rRl^tt# 
trs/^i*^jStt<o«Sr^-f-S^^^Xtt[l l-2]# 

[- 1 i oi^fsi^wt/s* h7^7 p ytco&&m-tz>-** 

?'&Bf&l^ GaN/<y7riS:R^ HVPESi^J; 
«9 G a N£^t°^^>^;/U/&g£itG a A sStRSrUfe* 

[It*® 7 ] (111) GaAs S«<0±M [11 — 

t^y^rttfc^tt^sr^-rs-e^^xttti 1-2]^ 

[- 1 1 0]*Uit#tf5^ h7^ ^JRoftSr^i-S-^^ 
^Sr^/sScU Ga N/^^rSSrKtt* HVPEftlii 
oTGaN^x^drv't/^f G a A s 

iiLTGaNlffiSrUt, ^^G a NSfiOliCHV 
P EftiaotG a N^teSSr^tr^^^-v^j*fti3rb 
«>. xt^^^t^MUcGaN-fy^s/h^b, «J 
BrXlSfSNfllfc i 9 5^NPr bTlSS^ g £ bfc r>^/^- £ 

[0 00 1] 

^^fls: (GaNl) Srfflt^fcSSft^V K (LE 
D) ^l/-f^t-K (LD) fc£#fe*ft*^ffl<B 

[0 0 0 2] 

-to *T-7t4\ (A l 2 0 3 ) , SiC, Si, G a A 
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bnti^o l^r-fir (A l 2 o 3 ) SWUfc^WK 
^fe5Li«t*)5 0 GaNtftfSSttl6% 
5t^s/77i Sr»fifti-5 r i: J: 9 G a 

#ftfc*?tt>*77'f-^£«lim^c**LED, LD 
£ bTffll^tlSo o^^i^^r^-Y-^Ga N 

-fS*-h<OGa N»LED(irt7K$nXl^„ t/:Ga 
N5RLDt>iS< rUIRS*u5«?>5 i»*?*LTt^-5 0 
[0 0 0 3] t7r^t^GaN^f»|j:t^I 
5 0 ^t^tRJbft77^tSi±II(^ffl«*Ga 

0 2f±i^^r-Yir±COGa N^JRff 

Ltf77^ -^*>o£ t>*g*i-Ci>S 0 mft* 

iSiltt^fciOttitGa N/A I 2 0 3 Hf^£^ 

So 

©#i¥5- 1 8 3 1 8 9?- 
©#BS^F6 - 2 6 0 6 8 0-?- 

[0004] t^z&iF7T^^&mzhtetemm&h 

S Q "^Sg-bCOG a N^\?#*i/*/Um(DtKf& 

So V^^«X^fcbit^WoT^V\ u^t-tn^fc^ 

ftbfGaNLEDttft^-CfcS. T^liW^tfc 

So f^hM^mx^t\,^<Dn^^m-nmmx-h 

[0 0 0 5] b^U*7r^irfcttfc5t>io»K«4 
Efi^fcSo i^^r-r-^ (A 1 2 0 3 ) »*ffc*»l;:2e5& 

T-foSo -€rih,M0Sl\, GaN/t7r^tS^LED 

So «ai-*r ttfct)*a*t)ttiB:v^ 0 

[0 0 0 6] ^>f v'Vi/SrJgglcifr 9 7t£>ir S i ceo J: 

S i ClffiGaNHWPRtf 
©Appl.Phys.Lett. vol.71, No. 17 (1997) 
K*^£*LT^5o b^bS i CtCtBgjg^SfcSo ft^ 

Wt-^3t-e*>9 , ^©cofc^co^^S^ 5 150 ox:jw 

S»Sr / >bttJ^e*^U'^yu-efc5o 

iriD, Ga NJB3fe*^3ft«a^ hiStd^So HIBIKttS 

i CttG a N«)ti?-(DSS<!: btfc* ^ 9^lJffi$i^TV^ 
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fcv\ S i C/Ga N^^i^:^mT-^i®i3t$t^TV^ 

[0007] ^fniatt^GaNim 

fo<5o 

[0 0 0 8] IglCGa NSr^b°^ar>>^/^S$-fr 

£ t tf 5 1 mm t mm t comn&m&Mcom ^ ± * & « 

GaAsttftl. 0 8fS. S i CttO. 8 7{g. ^ 

[0009] mr* mmmnmmwk&iom^izzzfis 

KOmmte, GaNSg}:KW%LGaN«III 
IMl8^Il:J:SK2«)niM: l ftSB*teR0a«5fi 

#/«CV^i:V^r i:-efc5o t7r>ftSS^GaNW» 
aSr«N:fc*-&«JliG a NSS<bf ^4l*i4t\ L 

^tmmft(OG a N/U*:7 r^Y J:§G a N«-fr(WS 

[0 0 10] GaAsSS 0 B 0 «aTGaN^fi$ 
-frSK*.^«Sfttrtonfc^<!r^fc5 0 LHGaAsS 
ffiKfcWo&riSfcofco f&-&&f<DfcU^f%^,XG a A s * 
i^bAs^t^o GaAs^ry^-r^gjJf 
5 0 CKDcJ; 5*a*<ofc«)^G a A s2&K±fc:fiatf)G 
aN»ftS:«JS"e#ft^ofc 0 fcWCGaAsSSl^) 
GaN^g (GaN/GaAs) l*»ir#S«i5ftTl* 

[0 0 1 1 ] SfttifSott^^ttG a N/U-^t 

v\ f7r^ftS«-e<t Ote^Ga N3r/&g£i£5 

®«^««a«**«XttC- II, vol. J 8 1 - 
C-I I, p 5 8-6 4:Mt7r^tSW^h7 
-Y^tt (ffiSHK) Ov^^olttOlCGaNtfEl 
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v*5 0 fo< S T*1^ 7 r -fir -b^>^T\ t7r^tSffi 
[0012] MbVasffift^tt. *^JBR©iStt*«*t» 

[0 0 13] *®igif|^j£ft£ltSfctt:^3 n^;U;*3f 

5o GaCM^GaN^ilDlT, »^»EEOjB*ffi 
Sr»Jt*DSabTGa - Ga Nj»«£ £ -f" 5 d i fiTC* « 0 
U^biBi*BEfc-e#«35Wltttt«Jll5t\ *v^B-e*t 

[0 0 14] Ga N*KttJWWi*»»cJ:5fffett« 0 

1 . HVPES KftjB/fcRS; : Hydride Va 

por Phase Epitaxy) 

2. MOCS (mm^mmm^J^mm : metallorga 
nic chloride method) 

3. MOCVDS (*«£JRC VDS : metallorganic 
chemical vapor deposition) 

4. 

[0015] Mocsit hy^f/u^y ?ATMG^ 

if G a <Dmm&mt, HCl#7H!/h?t-^IO 
H.G a C 1 ^HtSMfi 

±^Ga N»jg£j£;R£it3 t^T*fc5 a HURfctt** 

i£3rfT9o Ga«»tL-C*«^JRS:ffll^5^e>jR*^ 
G a NW* Wttftt LTSAtio Mfegf^GaN 
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[0 0 16] MOCVDffiliGaNflMSt ttf 
TMGfcJfG a ^Mit7y*n7NH 3 t*#^ 
TMGtNH 3 «lGaN»^^ ^(Djjlfe 

©±5<eH^*)* 0 HVPESttGaCT^tTM 
Gai:tt5 0 *y N!?^--^MR^JP^Gat8S:KJtG 
a^S$rAtLT^< 0 G a l4BtjS^teV^OT?3 Ot^ii 
-CGa»ifcfc:ft3 0 ^Tw— 7X^^/^, HC 1 #*SrB*:# 
tttfS^ «?-^Ga C 1 3ftS-e*5 0 GaCUS 

[0 0 1 7] 

[*W#*«UJ: 5 £*-«■*■] G a N3B3fe*^S:^« 
■f-«a6KttGaN*ie«**ta|-#-6 0 ^iGaNSS 

fflfc3»-rftffia*r*i-s*aG a z t 

*««1-5»ds#«Wtf>m 2 cog ft-efc s 0 

[0018] 

[R«Sr»fti-5fc«)^a] G a A s (111) 
r h B S«co±{c: [1 1-2] *tofc»MH-C4fctf [-1 1 
0] *rtfct>*BBi-x?^*i-«*«r*i-5^^^S:o 

«\ ^^^CO^CO^^t-i&^T-G a N^y^rJiSr/Sg 
it, Ga A s Si^^lTG a N*UiI«5:Mt 

*^ri^Y^«Srff<»J«U-C. W<niOramWf 

BBbT*«OGaN*Si:i-S 0 :WWJ(^)GaN 
SS^jg^Stfo^c Ga A s£«fi3E7KT^y^^ 
m:tl:iotiiT*t5 0 *?)HGaNO$Itt 

5o 



[0019] ^m<DG a NfelI^**0*HRtt-t<£>;*c 
f Sl:fe5o *J5S-CliGa NStEoEStt l v^EJL 

3lBlHF-S:I»Wfc{S=»* hT*«3lrt-»fcft»-H:G a Nl 
«^JEV^^fit\ ^T'2 0mmIgEil±^L<ll 
l-f>^ (2 5mm) S«±, $ «b K«F * b < 2 -Y > 
^SX±t-t^(OX-i>io BJStmtfcSGaAsJtt 

[0 0 2 0] r.*bb^*ife-ef^Mb*:GaN*SJ±R 
So Ga NS4R*«Sa<0*J-rtffl/5A^*>SO-T?R9^S 

fc^c :h?)*ftia5Ga Nf^»(0**(OR)Htt ^ 

(1) ^S^n-ir^Sf-vx^^tt^l^L/cyry 

(2) Wli-"^^J¥*^fcttJiR5^feoTt>W«-f- 

(3) *BW»»-S0*flFWwJ:oTBiSO-e«ffitfBff 

feft^ffi^-TixSr^b. G a NVStHjSffi^ bTfcS 
[0 0 2 1 ] HVPEftSr«fflt5(Ott % tt**'J9(fl-£ 

* ^ y + 1 L>xmt> v m=H*nx*T\f z> t^^^th 

^Rri*Ab&V^fe*#KJ;oT\ GaNltgfe 

SP|o>)x/N-(:/ ( j:5 0 H^UPJ^GaN^x/N-Sr 

^5^<^J:5-C*)5o b*>U GaAsSW^I* 
bfcAs>Sif^jlA^J: t>*v^tfe. BSJKfeSr 

[0 0 2 2]. 

i^m^mmmm) *sssu<0g a N«sg«cG aAsS 

CGaAslSC, GaNSr*ftS*4<oH:fflJlt"e— 
Sc^Sixfc^jfe-C&ofco l^lWMfliGaAs 
S«_h(7)Ga N*£ H s 0 ^g^&&aALb/ci o -tixtt^BI 
¥10-0783 3-^5£-<Tl^6 Q 

[0 0 2 3] GaNttA*fi*-C&5 0 (0 0 0 1) 
BBttAI3»Wtt^*S. G a A s tt^S^-CfcS^fc 

(100)^(110) B5H:3ig»»ttSr«rfc4v\ 
CI ~CG a A s (111) AlS^iiBS^SIiLTffl 
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wn«=iii»wi4o4>4«^ia^i-5ffi-efcSo 

[0 0 2 4] @3{t7T7^g^9"7^^^-S 
3 N 4 ^S i0 2 ?S^6t\ v^^f^ltlOOnm 

ia?iJ^fiS-C*>5 0 SRtt [1 1~2] ^fatt^S: 

4it« 0 WBSrLii-s. -tntass-rs c-i i 
^Sg^t^d £1"3 0 #£l< J;id = 3 l / 2 L/2<^:-r 
\*\ li2 2 Azm(DIE*-^<!: U igfcV^LSr 
6/zm, 9iJMPBdS:5/xmi:a-5«t9^-r , 5r<!:t-e# 

5K»«SR^e>J**bfcGa N^ra«p»r*JlLS:.«-t-a < t 

ttGa N£;£e£i£5;i<kl4-T?#5 0 
[0 0 2 5] »##<0-^^^-iBb^Ga N*fi8:ft*Ht5 

a N35«BaEK:r±i6*bftt^6T*«>G a a s tmmc 

ffc&<om^K\±. ^y77*±t?, «*<<0«[^35S* 
Six. B^ift«6J^otMUff<o ^<7>{^<tf> 
^R&^ASixSo b^b^P^coi ptw-^^^^sfcs 

*S:T»fTt«yS^^«fpS*x5o ^I«t^tT^ 
[0 0 2 6] ^^Ott^lCteGa A sSfi04«: 

^^^TO»gt, 7thyy^77^irio-c*B 

HUteKSrHHJS £ 5K1-5 0 . IW) 6 (1) ic»f 

[0 0 2 7] I(7)tlt««4 5 0^-5 0 OtgS 
T\ HVPESiaoTtlOnm-lOOnmgS^ 
»^GaN/<^7riSrM« 0 -^**<fc9»v^ 
^$/7r«tt«rt^ffliarUT#ft-r5 0 HI 6 (2) 



[0 0 2 8] 8 0 1 0 '5 0 tSS^Sffli: Lt, 

EliA^^lrjE^ 9 sg*ffltf>5o WTG a NI4^^ 

-ca6«e*^>****<»*6« 1 tito e^3i^-i± 7 o// 

m— 1 mm<7)if:^^ -^<7)*M^<7)JS<^-e&>;Jxii A 

v\ m^lH6 (3) <D:R«-ca>5 0 _bteoJ:5^S 

foZo 3S W 4: -T 5 fc * 14 WIS L ft tt lift ??^v\ 
[0 0 2 9] ^l:£7K[aotGaAs^^^f 

y^»4t5o ^^©ffi^»4BF«^J:oTBfe<o 06 
(4) <D#imzf£Z> 0 rixB:l*fc^)Ga N3B*-efc5 0 

-e*>ixri^ix"ej»ip0-e*>5, 

[0 0 3 0] S ?>tc«»(0!?^N-Sr3K5tb^v^-efc 

£ScS£it5 0 EI7l4CixSr^i- 0 0 7 (1) (4G a NS 
S(D±HHVPESiIJ:ot$ bKlJ¥< G a N£*^fc°^ 

Mrft5 0 ff^fii 0mmJ^_bi:i-a o «B5^5fel*SBW 
SrHJfeU rtl^X7-ff^^t:i:oT rtkltfic*^ 
^-IIlSI9(iiLTff<, i7 (2) ttrjltSt, TX 
.# y hi>i/wSrWittH7 (3) ^J:5'^aW¥» 
4GaN^x/N-^5o n<Z>»£\ AsfiGaNfe 

[0 0 3 1 ] ^0^^^v>T^t o ^^^-r/^S^v> 
SHVPEjfeSrEI8lciJ:oTtftW-r5o fBEft^SlCJP 1 

»K»*W«-^S|AP3, 4 75>>fc£ 0 J^|4^^*AP3 
75^I4HC I + H 2 <PJSW#*a s *A$ih,5o H 2 i4=^ 
*y-1r#*-Cfc5o ^^>iffT^j4Gatg5^fe5o £ £ 
»C|4A«G a *iR^bT*3< 0 iB**s<SV^fet-*' 2 
K±oTin!lfcSftGaB*6fc*S. HClriSGaStSfc 
KfSfctf+ltbixS^b, Ga+HCHGaCia^ 
5M:(5i^iJr)i,GaCim^ r^Ga 
C 1 y ^^^H 2 (7)^^^^S^ , t , ^7)^^^ 

T*^51tfix5 0 WW^*AP4»J:0T*»-HlP-t- 

R^f^^AJ^^o GaCl^NH 3 ia^ Ga 
C 1 +NH 3 ^G a NOSiS^jgrSo 
[0 0 3 2] Vlzzf* 7\±\/*7 V 8fcJ:oTEie#l* 
SftKHttfeftS. tt^7^±CliGaAsSS9 
SfcttGaN*«^*9ft*tbix5« S«»4iO*Six-c 
l^^bateSiSlfct^Ga N^*K^±K#»i" 
5o 3Mf*tttlMf*ttlP 1 0*»5>#maFix5. HVPE 
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[0 0 3 3] ^b 0 ^^^-yyu^^^^^*frCU^tt 
niiftkftl^G a $rg*rfil#i:i*5 fc^teftl^ G a 
6*143 OtKlt'iftt'fc^o 

JRSrtt^cO^MOCjfe, MOCVDftt'fc^ ~tlb<D 
*ifeTtt«*^H:ft6dS«*S:*tr*»bGa NJSftfcjK 

PE&lifKfrG a ^DflltHC 1 <bK/££i±-G a C 1 
K"t*So G a C 1 totg*t It 

afina^-c*)*. wm^JK^ftfrfti^^^^ 

Ltg H B 0^i:A^^^V^M^HVPE^|j: 
&S Q 

[0 0 3 4] ioTf^bttfcG a 

^HA^cLfCo HVPEttJP*0**^£ESr«!HW-r5 
C£K«fcoT** yi*«&S:l x i o 16 cm- 3 ~i 
x 1 0 20 cm- 3 CDi5HT^J^T^^ o tt*#EE«:*J 
WtS^irHiot, IfM^8 0cm 2 /Vs- 
8 0 0 c m 2 / V s S>ttHteWSE-C# S e Jfcjg#Li4 1 X 
1 0" 4 Q cm— 1 X 1 0 Q c m(D®iaT*$llP RlSg-efc 

So 

[0 0 3 5] :3 LTf^feftfcG a N*«^B:tfnfc«f 

5, fti?<7>tt=W-efc5o fc«Uft«*#K:j:0Jtfe, * 
u x \±yt<DWtms'p ft v ^ r. t 3&sk«= t? fo s o e> Mfe 

^ 9 7 J ft if 9 ^> - ^ d ir ^ M^f* $:*-r o 
[0 0 3 6] ^OSftbfcG a A sSfiOll^G a N^rj^g 

H 9 O i 5 ICG a N/G a A s «^5«tfo G a NIC 
lij£*riS3g£b-Cl*5o G a A s Kt>R»ft*^jC*36S 

So l^Att«U»3R«*<0»ft5-oo» 



[0 0 3 7] t> Ut^^^ttfc^-rS^, GaAsi 
5»4^*>ftl\, GaAsSS^S^tttSGaNi: 

aai"5J6**s*>a c wc^iiiwipi^GaN 

S^aitfo 1^5^ ItG a A s drllfti^^ffi^I 

So 

[0 0 3 8] ia*t-*3V^T, GaAsIgiCGaN?: 

^*»wMS***5r iiS^#ft^ofc^ttKtt«*^* 
*tt?TGaN^*^ttS:t,t)«»|lt? b/c Q 

^Wotfct, n^bGaN^y7rIS:]*ftS* 
9JSHttteffift^«0XR&^fc5i:%x.^ixSo 979/i> 

i^s are-*-* * vfrmfttmxmk-tZo 

lUotGa NOrtSBJSijSrSife^r t^-e#4o 
[0 0 3 9] thflV^^-CfcStf, -^ttOft^^b** 

^rtSB/C*^»Si-So ^fti^GaNSfi^SSo St) 
9^^-^oir^^^^fti^ R9 SrfFffi 

Lff * $ *L S R 9 co±PR^^46 ft ttftlift b ft V \ 
[0 0 4 0] 1211 2fcR9<0M£ffifc5tM4*»i£<0je 

tt^b^-r 0 -^ig^^x/s-iatw^f-yyu 

flg^^x/N-dgfbt, t>^»#±dS0HSr* 
#>S 0 H^S-0(7)S'J^ffiT*fei9«mS-efcSo 

[004 1] R9 tt#3^-<Btttf5 9^ft*$*l*ttft 
$^Ri:J;ot{)^it^«t^5o R = D 2 /8 
HfcSV>f4, f = 8H/D 2 CJ:ot^gt^^ DI4 

r^ai/N-^H^-cfeSo 2-r >^^^^-<Dm^nu = 

5 Omm-CfoSo 

[0 0 4 2] SO *fcf4»*<ki^5 t><DftftM\z$L3nZ> 

firtfiWft^^^^/^fc5^^iB!*^jBy3e-e#ft 
[0043] n«^sft^5 -esitpi 

[0 0 4 4] 

mi] 



a = 



Eb 2 S 
3(1 -v)/ 2 d 
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= 5 0mmaf:l^ll ±<OJtft-C 6 =H^afc5 D 
rntt**©rt»J6A«r«***6W-JI"t-5 S t o n e y 

[0 0 4 6] 
[»2] 

Edd 
a = - 

3(1 -v)/ 2 

[0 04 7] I(7)StaoT, »*8^6oSrlHlL 
tt*#<ft5, *^M?)ia5GaNSil:oi^ 

1 . ft^^R 6 0 OramWi (ft^ri* 1 . 67X1 

2. R9H (50mmflt) 0. 5 5 mmJ^T 

3. foUfcJjo 7 MP a J^T 
o**K ^W^tfV^lzmistzlkm*, R^6 0 0 
mm, H^O. 55mm, a ^ 7 M P a "Cfo <5 0 £ 
rtflJSA a It 3 M P a KT-Cfc « i J: 0 »4 LV S ft* 

[0 0 4 8] **W^*5V^T, lftOGaNSS?rM 
•T^^ftcDffet^ GaNii^SgSttt^ilCG 

5o mis (a) mm«i<Dftm& btf>-r 0 



ii-attv^o wtbSrw«-r^^iai s (b) 

[0049] *«aaB^jfei»i:3e*a5<Dffijift<ofti-ft« 
±l/2t?0^*/M, zcom&±et 

"tZo 19 x =-L/2t-6, x = H-L/2"C+e 

4: bT*8ffi<OR9o£S&±e<t^5£. 2 R6 = Dt 

tt 2 ^ t ttffi*^ R £ ffi£f5R 9 *i 6 £>BS« «:» 
£>XW<a eSrMfSti:, ^fS^cD^** R6== 9 

^ST^t^, e= 1 4 3 2/Rt45o w^BS^S: 

m i 6 (c^-To 

[0 0 5 0] 2-0-^<0*#St?jEft-fbb-C**t*Htt 
^«^M^4rffib^^ttT% ^^/>-^oia^2-f ^ 

8=1 4 3 2M/Ri45eitt*5, -<E><fc 5 fclfeW 

^So 2-Y>^l^>^— fctel^T* *$*M6 0 0m 
mK±tt5*:tt, S^we B s 0 Bfti(DXl/|j:±2 o 
<DjSHirAoTi^^S^fc5 0 i-^fc*,, Soffit » 

fiG a NSSrtWrta^^H LTV^S ^S^JxSo 
»*a<OS9H (Ell 2) tt, V*%l*%0>a»t©IS** 

SDitftSO. 2mmKT (24^^W) 

O. 2mm^l^PS#(^ R= 1 5 6 3mmifi^f: 

H=0. 1 mma^(SliR=3 1 2 SmmgSCSfc 

So 
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[0 0 5 1] 

mmm mttmi (HvpESyr^sias 

G a N¥&A 1 %t(Dftm ] G a A s (111) ASS 
SrR&SSrtKiffS LfCo XtR-fr^ Xt* 3 0 mm^R 
Mm&t UfCo ^X^CVDSf-CGaAsSSi 
Id, Si 3 Nj (t*?B) £r/¥£0. l//mlc45 . 

Lfc 0 H3K*tfAKyhKi, <l l-2>^h7 
-fTTSU <l-10>^h7^^3ST'j)5 o 

1. ^AK* h«-H3- 5ic^i-J; G a A s < 

11-2 >^^4tti»±^3fct/»»i-saw*s#.trs/ 

fftltl^o d = 3. 5fim^ L = 4 /i m 0 

2. <1 l-2>^h7^yt-<l l-2>*^ir¥ 

li rru KIS 2 /z nu t:° :y ^ 4 /i m Q 

3. < 1 - 1 0 >^ h7^fyfr-< 1-10 >^|I? 

frftsas h7^7 p ) wvx^ 0 ^ h v^y^m^ 2 

MmT«5 6Mm 0 t° y 8 mT^fe 5 D 
[0 0 5 2] ^<D£ 5 S i 3 N 4 £r^^ 

atttot, GaN/^>7rltxW^^^15r 

(1) GaN/<77ri« 
Sffl«J^^Sr#-rS^^^^<toT«fcixfcG a A 
S$:HVP E^H^^t-^BbfCo HVPESt^tG 
aAsSi^5 0 0t(:iDitf: o ¥^Gag?r8 
5 0 < CJ^±^D«\UGal4^i:-r^ o M^iAP^ 
?>7K^^/^H 2 ^i£^7K*^^HC 1 *G a 

tfrffctfy >AGa C 1 Sr-&fifcbfco ' S'J<0«O|S|- 

Sr*AU 5 o O^^pHft^n^StSS^-CG a C 1 + 

NH 3 -^G a N^SjS^jg: $itG a A s SffiC, Ga 
N£i#ffi£-tf:5 0 m(IJ:otGaAsSS±^7 0 
nmOGaN^y7rIS:^t5o Si 3 N 4 HGa 
Nj«*«lffJ^36Sjb9 S i 3 N 4 ^^©ll:ttGa N 
tt*KLft^, ^->77l (7 0nm) te^^ (10 
Onm) £*9i*l\> fc>b*OG a A s <7)gB^fcttt-G 
a N/<$/ 7rI^t^5o 



[0 0 5 3] (2) GaNxt^^'>t^l^M 
HCKDlA^ltlt i»S^5 0 0t^^l 
0 0 0*C£-e±tf *L 0 SO'HC 1 SrG a fflKfattT^CA 

iotffiWy^GaCl^tS, Tk^^^af- 
tlit^ LTiSHTt^^bGa C 1 ttT^^fcfeK* 
*X5 0 7y^7NH 3 i:Ga C 1 ^oS!^tltSffi(D 
filftWlGaN^ISo Z.tltf1&<Dtp<Ds<iy7 7 
m<D±lZ^t 0 $*is^;Ui&-B:-fZ>o (10 0 

nm) &m7L% h-?*?<D±.\ZG a NgfirtSlEAAfl^lK 

*-Ctt, GaNgattAftitfc5p 0 4. 0 51*7^ 

fe 3 <b ^ r. ^ fe IE fl^KK JtS^ 
ofcG a NliBSto^It^otSfcefiiTKftft 

«ftttK*<«)»tS. G a N»i/ias^;**tf>Jbffi«: 
»«K«V^<i"i:, ^Ili^GaN^U^ 
< o 5 0 /z ra/HT^^ 0 fil 0 0// m^ff 

»SW7^fcof: 0 
[0 0 5 4] (3) GaAsSS^i 

T*tj 1 O^W^^^^^bfCo GaAsIW^ll 
Ga Ntftt<Ote*Kfto;fco Ba^WStT 

m*m£m^ftX~ 3 ^(D^W^^^X G a N^ft^i*: 
fco WRlttfAKy 0&2/zm£, L = 4^m. 
d = 3. 5/ira) ^^^Srtot^ft^Wct^^fc 
So WW2tt< 1 1 - 2>* F7^V-7^^ffiot* 
ft$i*rfcfc<E>-e&S 0 ^3li<l-10>^b7^7 p 

[0 0 5 5] 

[SI] 





■v X ^ 3& 


c m" 3 


cmWsec 


ttJSStQ^cm 


K»r 




3xi o 18 


2 00 


8.3 x 1 0 _a 






6><1 0 1 8 


1 50 


6 x 1 0" 3 


K»3 


Xh7^ 


1 x 1 o 19 


1 2 0 


3.5x 1 0" 3 



[0 0 5 6] (4) Tfe^tt 



So r*t?5^V^ttSW*»^feT*fc5o &ft4 0 0 
nm— 6 0 0 n m^RlR^fgcte. Slt^^SMlE^L 
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t'4 0 c m" 1 — 8 0 c m'^XhotZo 
(5) xm\B}9f 

I^rGaN (0 0 0 1) mt<D&m<Dm& SrlftS VtZo 

*:<nt&$k. S«*ffiG>ffi*fci:, GaN (oooi) m<D 

ofc« £fc N GaN (0 0 0 1) a5fl>ftij|0>»<5 ^ 

2° tfcS^tWofc, *fcfflSS£<£> 
KS<OK0*Sr— oto^^/W^ov^rajti-Si . l 
"fV^fi (D= 2 5 mm) T*H= 2 5 /i m(Dfc(D<l:H 
= 4 8 /zmCDt^feofco R = D 2 /8HT'fc^^ 
b> R= 3 1 2 5mm£ R= 1 6 2 8 mm<£>fc<£>-T?fo 

y^77^ 0OP£|M$o. 2mmt'fe^) R = 1 5 6 3mm 

y^97-ffc:J:5'<# — vifHi *s pits ftK K^^, 0 

[0 0 5 7] [*lS#ij2 (HVPE7T7^gGaN 
m&£k, HVPEftGaNfWt) ] 2^yfg(7)Ga 
As (111) Affi£^g£ LfCo -t^JrlCS i 0 2 <D 

»i*IK«:»j*Lfco 7^hyy^77^:j;oT@3(D 

(1) Ga N/<y77*©*|* 

[0 0 5 8] 7^^ff5GaAsi»HVPEg 
•C^JnlftUfco LTte, H 2 + HCl^Ga 

Sfc»#, H 2 + NH 3 liSSl:I«l:»^ «50 

o'c ^(sa^*5v^r. GaN^7 7 iS: 

»J*bfc 0 /<y77l**li8 0nmtfc5, 

(2) xt^^v't^I^M 

ov^-e^Ktass: ioo o'CicjitffCo mcwMif** 

{£oT, Ga Nx^ae^^l8 0 /imSrJ&ftbfco 

(3) G a A s CDj&5fe 

G a N/G a A s SffiSrH V P E^B^bSl 19 *: Lfc G 

cniETkttG a A s SS&xy f y^4L 

fco 

[0 0 5 9] (4) GaNtf>J5#tt 
£*t«:+#fc:ifei»Lfco 06 (4) 

So Ga N«*tK4ofct><pSr-S*fcfclKHVPEiS«fc 
tyUfe, X«®££Srl 0 2 O'Ci: Ut\ HVPES 

a NSrJ^tttfbG a NOD^f h Sr#fco 

07 (1) {C^-T^fliT-feSo CltfM y=Ty Micfi^gg 

@5 5rara^y^ ht^ot Q 
[0 0 6 0] (5) *7>fU— HJ;5!?x/N-wgi9 tti 
L 

rtJB30*9-fU— laot^y^y h&tt^fiKitft* 
^Xf: 0 0 7 (2) fc:*1-J:5T»a>5 0 ^ 
#65 0 mm. f ^3 5 0 ju mOG a N¥U H s B Sg 2 Oft 
Srf#fc 0 GaN5:Mt/c<!rr?>, As, Jfcmthlzs* 



^^7yK(OU^i)of: 0 (As) , j^H 

^ G a N(7)/«C^»^^$*LTV^*t^S^^5 0 
[0 0 6 1 ] ( 6 ) WBg 

$ blw^s/ tV^if, tt_kffffl^£Lfc 0 0 7 (3) 
(7) Xj»EISf 

^(OGaNSssrsiifcwitKctjfc, xmmmmm 

^iot N lM<!:Ga N (0 0 0 1) ®<t co^SEco 
BI^SrP3Ebfc 0 SiiS^fti^GaN (0 0 0 1) 
B^tMloitA**, «£rtT'**:o. 6° tfo^: 

tfcftfr<otL 0 GaN (0 0 0 1) ffi<Dft^<7);frr*]tfV< 

o. 5° -efesn^^^^ofco s 

fcWi^<0£4E<£>S 9 2^^* (D=5 0m 

m) XH=lfa 15/x rnTfoo/c 0 R = D 2 /8HT'feS 
R=2 0 00 0raml«tfc5o 

[0062] ( 8 ) m^w#ttco»j*: 

<0««WW*&ffl}ELrt:o nIt*t!ltl«tt5Xl 
0 18 cra- 3 T^ofc 0 I^ig|j:2 0 0 cm 2 / 
Vs-efcofe 0 JfcffitfCfSO. 0 1 7 Q cm-CfcofCo 
[0 0 6 3] -Y^yh^T* 0sfcftflJ}J8<Q#) frbfo 

Wtn»10 18 cm- 3 , 15 
OcmVVsT'feofCo JtfittdO. OlQcmt^ 

[0 0 6 4] (9) JfeKJRcoJBlJ^ 

fi4 0 0 nm-6 0 0 n mfcfctt SKlRflMRj* 2 0cm 
" u 40c m _1 trfoofc 0 

( 1 0) LED^I 
Ga Nmm&XZtc(DX\ ^±1C I n G a N^5fel 

r^±Ufea*Ji, teffi<©«^^J:So t^^^r^ 
SIS L E D"C tegtt/f rt I - ^ < O Kiitett Ltt^ 
fctfS, G a NSffi<0*«5«(DL EDI^litefi^^f < 

[0 0 6 5] [HJfeM 3 (MOC777^l*GaNi 
HVPEGa NJ?tttf) ] Ga A s (111) B 

ffiSrSfitLtffl^fc, s i Oz&mmzWi-)-?* h y 
yjf?y Elliot [i-io] *r$]^ist/5^ h^-r 

[0 0 6 6] (1) GaN/^>7ri« 

(MO Cft) Ktotft4 9 
0t:^T*aSi^9 0 nm^OGa N^y7r 

[0 0 6 7] (2) GaNxt^^rv't^I^M 
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BDSSBKiaa^-C, iSSfl«S:»9 7 0tl:±m, G . 
a N^f^v^/HBS^ 5 ^m^SJilWUCo 
(3) G a A s 

MO C*l^ b G a N/G a A s RWSrS ? Ufc, M 
B^GaNffifttfjJftUV^ ^h7>f^^^W 
*rtltt, G a NCO [1 1-20] *[6j-e*>ofc 0 «9 
G a A s CO [1-10] *Fr1KG a NCO [1 1-20] 
&ft&tiufk1rZ>b\ t * l ?Z.k-e*>Z 9 BEzMcfcoTGaA 

s uyto 

[0 0 6 8] (4) GaNOfttlttf* 
2 5^mg^GaN^ife 0 B i:lT s HVPE^fC 
•feyUft, l 0 0 0t(:«lHVPEj£l:J:oTG 

[0 0 6 9] (5) rtJB2J*9>fU— (CJ:5!>^^— eo 

^mj)^"7-i If— \z£^X4 i/dty hfclMWi;frG]fc:4 
0 0 /i m<Dj?:^l:H2l 9 tti b/Co 2 5ft(OTX^-/ 

[0070] (6) mm 

fee LTcDGa Nl«*»»>3i^-4r»fc 0 

(7) ««4»tt<on£ 

«li2 5 0 cm 2 /Vst^of: 0 Msffifetf^O. 0 
5flcmtfcofc 0 wCOG a N£SSrHJK0!l 1 <b(^C«t 
5*-, XHlnltFf^fli^ «fc otSSiffi £ (0 0 0 1) ffi 

m^mt(Dfj:-r^m(DM:±^m^x-± 1. r -e$>o 

fco , R= 1 3 0 Omrat*^ G a N (0 0 0 1) m<D 



iegoStR^SJiHIi, 2>f>ffi-eH=fi4 5M 

m-efoofc 0 R= 6 9 0 Omm^IStfc^o 
[0 0 7 1 ] CO^Jfcfll^ttGa Ngff&Wefii: b 

*fc2 5ttfc(OSfi^l-e*5o ttig^H** ltt 
lttGaAs a»bfifcS$-frS4fr&fc:JttfcLT 6 4%K<K 

ft^LltkSfc9^Kifi«F|infc*#<ffilS'C#-yi:o G a N 
ZftffiVtib^^titm (As),KI (C) ifcfc^y 

[0 0 7 2] ^^^c7)^^IEH^^(7)TI^JCfo^^tC 

A s <t G a N Steffi® t>m V rt«JCA ^MfPT-# 5 G 

[0 0 7 3] [*6£M4 (Ga»£Et«ffi*7*D5;- 
• rtSBJt£*^B8«) ] [1-100] 

[11-2] ^F7^f^^^, K^h-^^^Srffi 
^HVPESl:iotGaN!?i^Srff!l!Lfc 0 JWMtf 

^iiH 2 +NH 3 tH2+Hci-efc5o mnxx^m 

[0 0 7 4] 
[*2] 







mm 


G a 




arte 


ifim) 


(mm) 


(MPa) 




1030 


180 


1 


4 




35 j 


54 


26 


a 


1030 


180 


1 


6 




40 


58 


28 




970 


1B0 


2 


6 




120 


1000 


4 




970 


j 180 


1 


6 




€0 


225 


11 




970 


180 


1 


6 




40 


61 


26 




1020 


240 


2 


6 




300 


10417 


1 .2 




1020 


240 


2 


6 




120 


167 


29 




1030 


240 


1 


6 




70 


125 


23 




970 


360 


2 


6 




200 


1488 


5.4 




970 


180 


2 


12 




200 


1359 


5.9 




970 


180 


2 


24 




200 


2604 


3.1 



[0 0 7 5] me><7>3*>. -f\ n N K ^ 

(A) Ga^JEttl k P a (1 0" 2 a t m) XfoZ> 0 9 
7 0ttv^>7ri • ^X?<D±.\ZG a N £ 1 R#H/£ft 
1 0 3 OtT$ tl:3«FBGa NSr^ftStt 0 



&&4f$m<0=-\?***s*/l'J$ l &X*i>Z>o 1813^6 A 
Um) XJbZo KJ¥tt3 0 Aim— 1 2 0 //mil^L 



(11) 



«fBH 2000-22212 



xv>5 0 mmzftmfcjj imp a) xh% 0 siuou®- 

Hra^^l0MPa-3 0MPatfcS o (5 t ^ if 
*S 1 OMP a «t 5 *^V^Sj£A$:It5 0 b^brtSB 
j£*tt7MPaJWT (7X10" 3 GPa) b 
V\> 

(B) Ga»Eli2kPat*fc^ 9 7 0ttv^y7r 

-To IBIffite 1 2 0 /z m— 3 0 0 M m^Frfltw^^J^5 0 G 
aNKWiif*\ Rmaxllfi2 0/!in-Cfc5o 
G a Nlfi^ftlj; 2 0 mm X 2 O mm tfc5 0 

J:oT/ftJ:9i:iMPa-6MPatfc5 0 ggfj:7 
MP a«Tt*fc5^brHSr3tttI i*s-e#a 0 Ld> 
LIBJC*#^*S^^|||Wfcjev^tfbo# (1 1 O/xm 
-3 0 0/im) *S*>a o 5^ft$MR{iR=7 8 0 
mm^-l 5 0 0mmT*i)^ o 
(Xi0tff) X*lU*fSHtwJ:oT, S«^ffi<h, (0 

ooi) m<Dmm<Dm&&m'<tc Q m^x^^com^ 

±2. 0° T^foofc 0 |/:GaN (0 0 0 1) ffi 

^»©tfbot^stRrt-C2. 4° -e$>o/c 0 

Bi^C7)^«(7)S l 9*^2^^^S^m»LT, 6 0 Mm 
-Cfcofco CtlliR=5 2 0 0mmi:4^ o 

[0076] «wj5 (A*¥ft^Hff) ] mmtm 

C (A) <7)fW6#:£ N (B) 5tt<OB*)|SH£oi*T«ff 
SrWfliLfco 8l4l:^fe*i:*to «ttfiJK« (m 

m) -c*>5 0 mm*&m¥%x&>z> 0 Af^eoo 

ramai» bV\ 

(A) 9 7 Ot 1 1 0 3 0°C3^M^^A 

g|i2 0 0mm^Ttfc^ tt^M^^S* bV ^fflfi 
6 0 0mm^m?) o 6 fiwWSfWit* SSftCig b 

(B) 9 7 0 < C6B#r B MS^^WBIiai?^W<, 

ftt/h$<TK9^fv^ 0 1 9 7 0^ftOGaAsi 

[0 0 7 7] [3lffi0ij6 (If) ] WftAttfflVKlffctt 
bfc 0 IWBtf>5*>, JKJ¥l 5 0 Mm. rt«M6;t>4MP 
a , ft$#1 0 3 0ram, Rm a x 2 0 m m^HSfll 
o^tlibto TOa^f(j:8 0/iml:aofc 0 

tSBIJliRmax7 < 2 n iru Ra,2 nraWl 

^r-a t fo <5 0 

(0 0 0 1) ffiffilft^BBffiSrW^fco a«*ffij£j»t, 



(0 0 0 1) aD«fe»^fti-A*w**«t4± l. 7° tr 

foofCo G a N (0 0 0 1) ®^fe^^fp](D fif £>o^r |i 

SWT-3. 7° T'$>o/c 0 ^fzffimm&mtfcnRvm; 

!12^yffit9 0/tmffcofc o ft$^R=3 4 
[0 0 7 8] 

bG a Nf£Mi*<Dfc{\L^<DXfa&&f£\,\ Xf&tf 

^PfS-eS l 9^/h$^r.c7)'>3i/N-^KfflbTLED. L 

[01] G a Ngi?r^§t5fcfe(DS8TOt G a 

[0 2] f77^tISll:GaNxt p ^>>t^fi 

[0 3] fAS£tt^^SrGaAs (111) Affi 
t-Hjfebfcfc *Pffi0 o 
[04] ^t^blS tfeS^G a N/<y 7 rl 

[05] GaN^**, /< y 7 7 I^±|I $ btC^ 

[06] GaAsSWit:vX^«ttGaN^y 
^rJf, G a N^^^^yWf £/&;ft£i^ G a A s 
SSSr^yfymitSISSrStlSB, (1) 
G a A s (111) S«±t-^^^*^b7tX^ 

0 O (2) \^^^\^^^xmt>nx\^^u^^^ 
yrm^^^^ttzumcomo (3) f^^ri, 

0 O (4) ItG a A s Sfi^SLG a N^gilt 4 

[07] GaN»(7)liI^}:GaNS:l|<M^ 
TG a N^fy^y hSrf^t? :HWlT^x/Ni:f^ 
Ii^/Tta (1) l±GaNSfil:S#lttfcGaN 

^y^^h^a (2) fi>r ^=fy h&ftmjixy'f f- 

(3) ttfflDffi$ftfc*:*^G>BI, 

[0 8] HVPEgMlSiia 

[0 9] G a A s Sfi(Z)±l:G a NSr^fiJ tfe«^S 
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[010] tbtrtaiSA^OT&ixtf, GaAs$:j& 
[Hill] t G a N g »<D4^l:rtgBJS^^#fit 



[il2l GaN^x/^S^^g^^ 5 0m 

[013] GaM^ (A) 1 k P a CO— B¥<t (B) 2 
k P a o— fflMcov^. Bt»trt»«A«)JB03£*l<D^ 

mT-AI¥Xfo^> 0 
[014] HCASRft (5«c) tB*lt» (6«c) K 

[mi si so^fcsGaN^x/N-m^ssES 

l»4:ll**BBttil»<7>3t»Sr*i-|ao (a) ttR5^)*51R 



-r o (b) ^aSSr5j7^WS"r^^T% SftS&iKltt 
WfcttSa*, &A£&ffittt> t^ISt'fcS: <fc£3l 
LTV^ 0 (c) liS^ffirti^^^T^Sffi^^^b 

[0 16] &*)<DhZ) 2-f ^S?^^-^ffiS!5<DK!9 

ft*NMS (mm) , ffiA&mU<DR9<Ofi 

1 R)£*p 

2 t 

3 g^^^AP 

4 gW^fAP 

5 Gaffl 

6 GaHlJK 

7 iHz:^* 
8 

9 G a A s *4R*fcfiG a NSS 

i o Jfx$mn 



II] 



[02] 



[07] 
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[Ell 6] 
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